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Miles[2, 3] , ,
, .
Miles Kadomtsev &Petviashvili II(KPII)
[4] . , . KPII $KdV$
$(x$ ( ) , $y$
) , .
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: $n_{0}n$ , : $n_{0}n_{e}$ , : $C_{s}u$ ,
: $(e/T_{e})\Phi$ , : $\ell x$ , : $(\ell/C_{s})t$
$n,$ $n_{e},$ $u,$ $\Phi,$ $x,$ $t$ . , $n_{0}$ : , $C_{s}:=$
$(T_{e}/M)^{1/2},$ $M$ : $T_{e}$ : ($eV$ ), $\ell$ : , $e$ : ,
. , ,
$\frac{\partial n}{\partial t}+\nabla\cdot(nu)=0$ ,




$\delta:=\frac{\lambda_{D}^{2}}{\ell^{2}}$ , $\lambda_{D}^{2}:=\frac{T_{e}}{4\pi e^{2}n_{0}}$ (2)
, $\lambda_{D}$ .
weakly nonlinear, weakly dispersive $(\delta\ll 1)$ , , $u$ ,
$u=\epsilon\nabla f$ , $n=1+\epsilon\rho$ , $\Phi=\epsilon\varphi$ (3)
. , $\epsilon\ll 1$ , $\delta=O(\epsilon)$ .
$\varphi=\rho+\delta\nabla^{2}\rho-\frac{1}{2}\epsilon\rho^{2}+O(\epsilon^{2})$ , $\rho=-\frac{\partial f}{\partial t}+O(\epsilon)$ . (4)
, $O(\epsilon^{2})$
$\frac{\partial^{2}f}{\partial t^{2}}-\nabla^{2}f+\epsilon\frac{\partial}{\partial t}(\nabla f)^{2}-\delta\frac{\partial^{2}}{\partial t^{2}}\nabla^{2}f=0$ (5)
. Yajima [6] [7] .
, ,
. (1), (3)
$\xi=x-t$ , $\eta=\epsilon^{1/2}y$ , $\tau=\epsilon t$ (6)
,
$\rho=n^{(1)}+\epsilon n^{(2)}+\cdots$ ,
$f=f^{(1)}+\epsilon f^{(2)}+\cdots$ , (7)
$\varphi=\varphi^{(1)}+\epsilon\varphi^{(2)}+\cdots$
,
$n^{(1)}= \varphi^{(1)}=\frac{\partial f^{(1)}}{\partial\xi}$ (8)
KPII
$\frac{\partial}{\partial\xi}(\frac{\partial n^{(1)}}{\partial\tau}+n^{(1)}\frac{\partial n^{(1)}}{\partial\xi}+\frac{1}{2}\frac{\partial^{3}n^{(1)}}{\partial\xi^{3}})+\frac{1}{2}\frac{\partial^{2}n^{(1)}}{\partial\eta^{2}}=0$ (9)
39
. , $\delta=\epsilon$ . $\ell=\lambda_{D}/\sqrt{\epsilon}$ .
$n^{(1)}=u$ , $\tau=\frac{3\sqrt{3}}{2}T$, $\xi=\sqrt{3}X$ , $\eta=\sqrt{3}Y$ (10)
, KPII (9)
$\frac{\partial}{\partial X}(4\frac{\partial u}{\partial T}+6u\frac{\partial u}{\partial’X}+\frac{\partial^{3}u}{\partial X^{3}})+3\frac{\partial^{2}u}{\partial Y^{2}}=0$ (11)
.
3
KPII (11) . , $x_{:}y,$ $t$ :
$\frac{\partial}{\partial x}(4\frac{\partial’u}{\partial t}+6u\frac{\partial’u}{\partial x}+\frac{\partial^{3}u}{\partial x^{3}})+3\frac{\partial^{2}u}{\partial y^{2}}=0$ . (12)
Hirota [19] 2- .
$u(x, y, t)=2 \frac{\partial^{2}}{\partial’x^{2}}\log E(x, y, t)$ (13)
, $E(x, y, t)$ , bilinear form
$(4D_{x}D_{t}+D_{x}^{4}+3D_{y}^{2})E\cdot E=0$ (14)
. , $D_{x}$ Hirota bilinear oparator
$D_{x}^{n}D_{t}^{m}E \cdot E:=[(\frac{\partial}{\partial x}-\frac{\partial}{\partial x’})^{n}(\frac{\partial}{\partial t}-\frac{\partial}{\partial t’})^{m}E(x, y, t)E(x’, y, t’)]_{x’=x,t’=t}$ (15)
. 1- $E$
$E(x, y, t)=1+e^{2\Theta}$ , $\Theta=Kx+Ly-\Omega t+\Theta_{0}$ (16)
. , $K_{7}L,$ $\Omega$
$D(\Omega, K, L):=-16K\Omega+16K^{4}+12L^{2}=0$ , $\Omega=K^{3}+\frac{3L^{2}}{4K}$ (17)




(17) $(\Omega_{1}, K_{1}, L_{1}),$ $(\Omega_{2}, K_{2}, L_{2})$ ,
$\Theta_{i}=K_{i}x+L_{i}y-\Omega_{i}t+\Theta_{i0},$ $(i=1,2)$ (19)
,





2- $E$ . $\psi_{i},$ $(i=1,2)$ $x$
$(K_{i}, L_{i})$ ( ). , $K_{i},$ $(i=1,2)$ .
$KdV$ 2- $E$ (20) . $KdV$




, (13) , $E$ $u$ , $A_{12}<0$ ,
$u$ $0$ , $u$ singular . , (22) (23)
, $u$ regular, (24) , $u$ singular . (22), (23), (24)
, $O$- , $P$- , $S$- . $O$-
P$\sim$ $O$- $A_{12}>1,$ $P$- $0<A_{12}<1$ .

















, $\Delta_{12}$ O- , P$arrow$ .
regular singulai (21)
$D(\Omega_{1}\pm\Omega_{2}, K_{1}\pm K_{2}, L_{1}\pm L_{2})=0$ (28)
. (28) , $E=1+e^{e_{1}}+e^{\Theta_{2}}$ , $u$
$u\sim\{\begin{array}{ll}2K_{1}^{2}sech^{2}\Theta_{1} (\Theta_{1}\simeq 0, \Theta_{2}arrow-\infty)2K_{2}^{2}sech^{2}\Theta_{2} (\Theta_{2}\simeq 0, \Theta_{1}arrow-\infty)2(K_{1}-K_{2})^{2}sech^{2}(\Theta_{1}-\Theta_{2}) (\Theta_{1}-\Theta_{2}\simeq0, \Theta_{1}arrow+\infty, \Theta_{2}arrow+\infty).\end{array}$ (29)
41
(28) , $E=1+e^{\Theta_{1}}+e^{-\Theta_{2}}$ , $u$
$u\sim\{\begin{array}{ll}2K_{1}^{2}sech^{2}\Theta_{1} (\Theta_{1}\simeq 0, \Theta_{2}arrow+\infty)2 K_{2}^{2}sech^{2}\Theta_{2} (\Theta_{2}\simeq 0, \Theta_{1}arrow-\infty)2(K_{1}+K_{2})^{2}sech^{2}(\Theta_{1}+\Theta_{2}) (\Theta_{1}+\Theta_{2}\simeq0, \Theta_{1}arrow+\infty, \Theta_{2}arrow-\infty).\end{array}$ (30)














$E=$ , $g_{n}^{(j)};= \frac{\dot{\theta}g_{n}}{\partial x^{j}}$ (31)
$g_{1},g_{2},$ $\cdots,$ $g_{N}$
$\frac{\partial g}{\partial y}=\frac{\partial^{2}g}{\partial x^{2}}$ , $\frac{\partial g}{\partial t}=-\frac{\partial^{3}g}{\partial x^{3}}$ (32)
, (13) KPII (12) [20].
(32)
$e^{\theta_{j}}$ , $\theta_{j}=k_{j}x+k_{j}^{2}y-k_{j}^{3}t+\theta_{j0}$ (33)
. , $k_{j},$ $\theta_{j0}$ .
$N=1,$ $g_{1}=e^{\theta_{i}}+e^{\theta_{j}},$ $(k_{i}<k_{j})$ . ,
$E=g_{1}=e^{\theta}$. $+e^{\theta_{j}}$ . (34)
phase $\theta_{i}$ phase $\theta_{j}$ $u\simeq O$ ,
line: $\theta_{t}=\theta_{j}$ line soliton
$u= \frac{1}{2}(k_{j}-k_{i})^{2}sech^{2}\frac{1}{2}(\theta_{j}-\theta_{i})$ (35)
. $[i,j]-$ . $\alpha[i,j]$ , $\frac{dx}{dy}$ $\beta[i,j]$











. , $\theta_{j}$ (33) ,
$k_{1}<k_{2}<k_{3}<k_{4}$ (39)
.
$E=|\begin{array}{ll}g_{1} g_{2}g_{1} g_{2}\end{array}|=|\begin{array}{ll}g_{1} g_{1}^{/}g_{2} g_{2}\end{array}|$
$=|\begin{array}{ll}\sum_{j=1}^{4}a_{1j}e^{\theta_{j}} \sum_{j=1}^{4}k_{j}a_{1j}e^{\theta_{j}}\sum_{j=1}^{4}a_{2j}e^{\theta_{j}} \sum_{j=1}^{4}k_{j}a_{2j}e^{\theta_{j}}\end{array}|=\det(AV)$ , (40)
, $A$ (38)
$A=(\begin{array}{llll}a_{11} a_{12} a_{13} a_{14}a_{21} a_{22} a_{23} a_{24}\end{array})$ , $V=(\begin{array}{ll}e^{\theta_{1}} k_{1}^{\wedge}e^{\theta_{1}}\epsilon^{\theta_{2}} k_{2}e^{\theta_{2}}e^{\theta_{3}} k_{3}e^{\theta_{3}}e^{\theta_{4}} k_{4}e^{\theta_{4}}\end{array})$ (41)
. , Binet-Cauchy
$E= \sum_{1\leq r<s\leq 4}(k_{s}-k_{r})A(r, s)\exp(\theta_{r}+\theta_{\epsilon})$
(42)
. , $A(r, s)$ $A$ $r$ $s$ $2\cross 2$ . $u$ singular
, .
, $E$ $yarrow-\infty$ 2 , $yarrow+\infty$
2 [13, 15]. , $(2,2)-$
.
43
$G$ $2\cross 2$ , $A$ $GA$ $\det(GAV)=\det(G)\det(AV)$
, $A$ $GA$ $u$ . , $A$ reduced row-echelon form (RREF)
. , $A$ $i$ $\theta_{j0}$
.
$A$ 1 1 ( $m$ ) . ,
$A$ $m$ . , $E=e^{\theta_{m}}E_{0}$ , $u$ $E_{0}$
. , $k_{m}$ .
, $A$ ( ) 1
.
$(2,2)-$ 7 [18].
$yarrow\pm\infty$ $\pi=(\pi(1), \pi(2), \pi(3), \pi(4))$
[18]. 24 , (derangement
) 9 . , $\pi(i)>i$ $i$ $\pi$ excedance . 2 excedance
derangement 7 , 7 $($2, $2)-$ .
2 excedance $i,$ $j$ ,
$[i, \pi(i)],$ $[j, \pi(j)]$ : $yarrow+\infty$
$k,$ $\ell$
$[\pi(k), k],$ $[\pi(\ell), \ell]$ : $yarrow-\infty$
. 2 open chord . T-type $E$ 6
(4312) (3421)
(2143)
2 7 $($ 2, $2)-$ open chord
, 4 $E$ 5 , O-type, P-type $E$ 4
. O-type, P-type, T-type $yarrow\pm\infty$
, elastic . 4 , $yarrow+\infty$
$yarrow-\infty$ . inelastic .
O-type 2- , $P$-type 2- $O$- , $P$- regular
, 2- , T-type 2-
$S$- (regular ) [17]. O-type, P-type (
) , .
44
.T-type 2- (3142)-type $(2,2)-$
.
$T$-type 2-
. $yarrow\pm\infty$ $[1,3]-$ $[2,4]-$
. $A$
$A=(\begin{array}{llll}1 0 -c -d0 l a b\end{array})$ ,
, $a,$ $b,$ $c_{\dagger}d>0$ ad–bc $>0$ . $6$ $A(r, s)$
, $E$ 6 . $E$
$E=(k_{3}-k_{1})e^{\theta_{1}+\theta_{2}}+(k_{3}-k_{1})ae^{\theta_{1}+\theta_{3}}+(k_{4}-k_{1})be^{\theta_{1}+\theta_{4}}$
$+(k_{3}-k_{2})ce^{\theta_{2}+\theta_{3}}+(k_{4}-k_{2})de^{\theta_{2}+\theta_{4}}+(k_{4}-k_{3})De^{\theta_{3}+\theta_{4}}$ (43)
. , $D:=ad-bc>0$ , $\theta_{j}$ (33) $\theta_{j0}=0$
$\theta_{j}=k_{j}x+k_{j}^{2}y-k_{j}^{3}t$ (44)
. 3 $y$ . , 4 T-type 2-
3 $T$-type 2- . $k_{1}=-2,$ $k_{2}=-1,$ $k_{3}=1,$ $k_{4}=2,$ $a=2,$ $b=c=d=1$ .
: $t=-3$, : $t=0$, : $t=3$ .
4 T-type 2- . $t<0$ , $t>0$ .
. $[i,j]$ $[i, j]-$ , $(i, j)$ $\theta_{i}+\theta_{j}$ dominant phase
45
. 4 ,
, T-type 2- fully resonant solution $[13|$ .
$(3142)-type(2,2)-$
. $yarrow+\infty$ , [1,3], $[3,4]-$ , $yarrow-\infty$ , [1,2],
$[2,4]-$ . $A$
$A=(\begin{array}{llll}1 a 0 -c0 0 l b\end{array})$ ,




. $y$ 5 . , 6 $t>0$
L/K–1.5, $t=|0$
20
5(3142)-type $(2,2)-$ . $k_{1}=-7/4,$ $k_{2}=-1/4,$ $k_{3}=1/4,$ $k_{4}=7/4,$ $a=$
$4,$ $b=4/7,$ $c=4/3$ . : $t=0$, : $t=10$ . : $t=20$ .
[1,2] (2,3) [2,4]
6(3142)-type $(2,2)-$ . $t>0$ .
. $[1,4]-$ , .
5 $[1,3]-$ $[2,4]-$ , $y$
.
$\alpha[1,3]=\alpha[2,4]=:\alpha$ , $-\gamma[1,3]=\gamma[2,4]=:\gamma$ . (46)
46
,
$k_{3}-k_{1}=\sqrt{2\alpha}$ , $k_{1}+k_{3}=-\gamma$ , (47a)
$k_{4}-k_{2}=/2\alpha,$ $k_{2}+k_{4}=\gamma$ . (47b)
$k_{1}=- \frac{\gamma}{2}-\sqrt{\frac{\alpha}{2}}$ , $k_{2}= \frac{\gamma}{2}-\sqrt{\frac{\alpha}{2}}$ ,
, $k_{1}<k_{2}<k_{3}<k_{4}$
$k_{3}=- \frac{\gamma}{2}+\sqrt{\frac{\alpha}{2}}$ , $k_{4}= \frac{\gamma}{2}+\sqrt{\frac{\alpha}{2}}$ . (48)
$\gamma<$
$\sqrt{2\alpha}$ (49)
, (24) , $\tan\psi_{1}=-\tan\psi_{2}=\gamma,$ $K_{1}=K_{2}=\sqrt{}:/2$
. (3142)-type $(2,2)-$ (
$)$
$[$ 1, $3]-$ $[$2, $4]-$ 2- singular (S-
) regular .
5
Kako &Yajima[7] (5) , $T$-type 2-
(3142)-type $($ 2, $2)-$ $S$- regular .





. 7 V .
$x$
7 V . AB, AC .
. AB, AC
.
$\alpha$ 2 , $\gamma>2$ , , $\gamma<2$ , (
47
$\gamma$ 2 ).
(3142)-type . , 8 $\alpha=2,$ $\gamma=1.5$ V
8 V ( ) (3142)-type $(2,2)-$ ( )
. $\alpha=2,$ $\gamma=1.5,$ $t=15$ .
$t=15$ (3142)-type ,
. . 5 .
, $[1,4]-$ , , $[1,4]-$ , ,
$[3,4]-$ . $\gamma=1.5$
, $\gamma=1.748$ , 1898, 25 , .
, $\gamma=2.5$ (O-type) .
6
Folkes [9] Nishida&Nagasawa[10]
. double-plasma device , , $T_{e}=2-2.5eV$ ,
$T_{e}/T_{i}=10-20,$ $n_{0}=(1-10)\cross 10^{8}cm^{-}3$ . 7
V . Langmuir probe




. , . ,
, Nishida&Nagasawa ( , “ NN” ).
, $K_{1}=K_{2}=K,$ $L_{1}=-L_{2}=L$ , (21) (6), (10)
$A_{12}= \frac{L^{2}/K^{2}}{L^{2}/K^{2}-4K^{2}}=\frac{\epsilon I_{J}^{2}/K^{2}}{\epsilon L^{2}/K^{2}-4\epsilon K^{2}}=\frac{\tan^{2}(\psi/2)}{\tan^{2}(\psi/2)-2a}$ (50)




. $\tan^{2}(\psi/2)>2a$ $0$- , $\tan^{2}(\psi/2)<2a$ $S$- .
$\psi=43^{o}$ . , $\epsilon$
. $\psi=43^{0}$ (51) , $a=0.07758\cdots$ , $\alpha=2K^{2}=2$
, $\epsilon=0.03879\cdots$ .
, $\gamma=1.5$,1748, 1898 , $\psi=$
$33^{o},$ $38^{o},$ $41^{o}$ .
NN FIG 2 $\psi=41^{o}$ .
$S$- , (3142)-type ,
. $[3,4],[1,2]-$ $[1,3],[2,4]-$
. , $[1,4]-$ ,
38 36 , (3142)-type .
( NN FIG.$4(b)$ ).
4 ,
. $\psi$ 9 , Nishida&
5
5 $the\alpha yca|c.$ \={o}
$n_{r}/ni$








30 40 50 60 70
$\psi(\deg)$
9 .
Nagasawa NN FIG 4(a) .
, (position) phase shift . NN FIG 3(a) . $S$-
$[1,3],[2,4]-$ $[3,4],[1,2]-$ phase shift
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